Introduction: Femoral neck fractures are rare injuries in children, but the high incidence of long term complications make it an important clinical entity. The aim of this prospective study was to analyze the clinical outcomes of pediatric femur neck fractures. Methods: The study included 16 children (10 boys and 6 girls) who sustained femoral neck fractures and completed an average follow-up of 28 months. The children were treated with anatomical reduction and internal fixation with partially threaded cancellous screws. The outcomes were clinically and radio logically assessed for fracture healing, joint movements and implant failure. Results: The mean age of included patients was 10 years (range, 6 to 16 years) and the average followup was 28 months (range, 17 -48 months). Coxa-vara was the most common complication Other complications included nonunion associated with Partial a vascular necrosis and delayed union was seen in one case but later on it had been corrected. Two cases of slight coxa vara were seen radiologically but clinically patients had no problem in walking and daily activities. All children achieved union in a mean time of 10 weeks (range from 6 -16 weeks) except two cases. Full weight bearing was possible in a mean time of 8.8 weeks. The results were excellent in 68.75% and good in 18.75% patients. Conclusions: We conclude that the early operation using anatomical reduction and internal fixation of pediatric femoral neck fracture offers the best results and provide early healing less complication with good results and is economical.
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Introduction:
Fractures of the femoral neck in children are rare and accounts for less than 1% of all pediatric fractures (1) (2) (3) (4) (5) . High energy force is required for the fracture of neck of the femur in normal children because the dense bone of femoral neck is surrounded by a thick periosteum (6) . Intracapsular fracture neck femur is notoriously known as an orthopaedic enigma, since as a permanent solution for its treatment still eludes the orthopaedic surgeon. Hence, it is infamously termed as an unsolved problem. Fracture neck of femur does not unite readily and this makes it a difficult problem to tackle. Fracture neck femur is an orthopaedic emergency which needs to be reduced and fixed within 24 hrs to get optimal results. These fractures are commonly associated with severe complications, especially a vascular necrosis of the femoral head, nonunion, coxa vara and premature closure of the upper femoral epiphysis. The classification system originally described by Delbet and popularized by Colonna is most commonly used for these fractures (7) . A thorough understanding of anatomy is important to ensure proper treatment and to understand associated complications. Proper primary treatment of this hazardous fracture is the key to a successful outcome. We share our experience and understanding of this fracture by prospective study of our 16 cases and critically analyzing the complications and treatment received. The modes of treatment we review here are internal fixation by either closed or open means.
Methods:
This prospective study was carried out at Orthopaedics department of M. M. Medical College from July 2005 to November 2009. It was approved by institutional medical ethics committee. A total of 16 patients with closed femoral neck fractures admitted to our institute were included in present study. A written informed consent was obtained from all the patients; they were explained about treatment plan, cost of operation, and hospital stay after surgery, and complications of anaesthesia. They were followed up after surgery, were clinically and radiologically assessed for fracture healing, joint movements and implant failure. According to the criteria the results are graded as excellent when the fractures unites within 16 weeks without any complication, good when union occur within 24 weeks with treatable complications like superficial infection and knee stiffness and poor when union occur before or after 24 weeks with one or more permanent complications like infection (osteomyelitis), implant failure, non-union, limb shortening and permanent knee stiffness. Delayed union was recorded when the fracture united between three to six months while nonunion was noted when union had not occurred after eight months of treatment Follow-up was done. Patients with closed femoral neck fracture with age between 6-16 years and presented within a week of the injury and did not have any previous surgical treatment for the fracture was included in the study. Malnourished patients and those with open fractures, pathological fractures and fracture nonunion were excluded from the study. Examination of patients was done thoroughly at the time of admission to exclude other injuries. In majority of the patients canulated cancellous screws were used in treatment of fracture neck femur. The treatment installed as early as possible. In patients who were not fit for surgery due to associated injuries to vital organs, were haemodynamically unstable or due to active infection at injury site, or were pyrexial delayed treatment was performed when their over-all condition improved. There were sixteen patients in this study, ten patients were male and six patients were females who completed an average follow-up of 28 months (range 17-48 months) were included in the study. The fractures were classified according to the Delbet system as popularized by Colonna 7 and were further subdivided into displaced and undisplaced. The treatment modalities used were open reduction and internal fixation (ORIF), or closed reduction and internal fixation (CRIF) depending upon the patient profile and the fracture pattern. The clinical results of our study were rated on the basis of the criteria of union, nonunion, delayed union or malunion (Table 3) .
Results:
There were 10 (62.5%) male and 12 (37.5%) female patients ( Table 1 ). The mechanism of injury was road traffic accident in 60% of patients, during playing in 20%, fall from height 10% and industrial accident was 10%. Injury to left lower limb was seen in 37.5% and right lower limb in 62.5% of patients. Table 4 ). Nonunion associated with a vascular necrosis and a primary screw perforation of head was the most common complication ( Table 5 ). One case of nonunion associated with a vascular necrosis was seen in my study that has been corrected with bone grafting. Revised surgery was done in case of primary screw perforation of head. Delayed union was seen in one case but later on it had been corrected. Two cases of slight coxa vara were seen radio logically but clinically patients had no problem in walking and daily activities. At follow-up all patients went on to osseous union and regained a full range of movement after rehabilitation.
Discussion:
Fractures of the femoral neck in children are rare. High energy force is required for the fracture of neck of the femur in normal children because the dense bone of femoral neck is surrounded by a thick periosteum 8. In my study, 60% of fractures were due to RTA and 10% were due to falls from height. These data matched the incidence reported in the literature [1] [2] [3] [4] [5] . As per the available literature, most of the large series on fractures of neck of femur in children [9] [10] [11] report Delbet type II fractures as the most common, followed by type III and type IV. My findings also matched with this data (43.75% of our cases were type III, followed by 31.25% being type II,12.5% type IV and 12.5%type I). The risk of avascular necrosis depends on several factors, including age, degree of initial displacement, type of fracture, time to surgery, and method of fixation 9, 12-15 . The most important factor is likely the severity of vascular compromise sustained at the time of trauma. Avascular necrosis develops in approximately 17% to 47% of the cases 9, 11, 16, and 17. This is because the adult hip has intraosseous blood vessels that supply the femoral head, whereas the blood vessels of pediatric hip have cannot cross the open physis.
Therefore, blood supply to the femoral head is critical in a child and can be disrupted easily by hip fracture 18. As mentioned by Ratliff, 1 the presence of avascular necrosis adversely affects the prognosis. In my study, the development of avascular necrosis contributed to one case that was slight avascular necrosis.The rate of avascular necrosis in my study was 6.25%, which was slightly less as compared to the previous studies. Based on my results, we believe that internal fixation of pediatric femur neck fractures should be performed whenever feasible because conservative treatment carries a high risk of failure of reduction. The femoral neck in children consists of smooth, hard, dense bone which does not have the typical adult trabecular pattern 19. Fracture lines are often uniplanar (unlike spiral and triplanar in adults) and less jagged with very little interlocking patterns which makes these fractures highly unstable. Loss of reduction commonly occurs in traditionally applied hip spica. Coxa vara is a major complication leading to unsatisfactory results, as seen in the series of Lam 11 and Ratliff 1. In my study, two cases of slight coxa vara were seen radio logically but clinically patients had no problem in walking and daily activities. My results matched these studies. However, the incidence of coxa vara is significantly lower in the series where internal fixation has been predominantly used. For persistent coxa vara, subtrochantric valgus osteotomy has been suggested and this has produced uniformly satisfactory results 16, 20. Although non-union occurs in pediatric femoral neck fractures, the incidence is much less than in adults. The thick functional periosteum in children primarily accounts for this difference4. The primary cause of nonunion is inadequate reduction and most cases of nonunion had occurred in displaced fractures 9, 14, and 20 . We had 1 case of nonunion of Delbet type II displaced fracture who was presented to us 14 days later with loss of reduction that had been corrected with rigid screw fixation then bone grafting and ultimately had a satisfactory outcome. The reported rate of infection is 1% in pediatric femur neck fractures 9, 11, and 20 . Infection was not found in any case in our series. We believe that a clean soft tissue dissection goes a long way is important in avoiding the potential complication of infection. The results of our series suggest that children who underwent anatomical reduction and internal fixation had fewer complications than other treatment groups. It is possible that orthopedic surgeons avoid open reduction and internal fixation in pediatric femur neck fractures for fear of disrupting vascular supply which may increase the risk of avascular necrosis. However, recent studies 21 report a decreased incidence of avascular necrosis in patients treated by open reduction and internal fixation. One possible reason for this might be the release of intracapsular pressure by capsulotomy 3, 22-24. Moreover, the lateral epiphyseal vessels course mainly along the femoral neck and not the capsule, and the anterior capsulotomy done for open reduction and internal fixation does not endanger the vessels which course in the neck 1, 9, and 20. Thus, we believe that anatomical reduction and internal fixation reduces complications like nonunion and coxa vara. We also believe that open reduction and internal fixation does not lead to increased incidence of avascular necrosis and that it is actually the initial trauma and the disruption of head vascularity that determines the likelihood of avascular necrosis in long run. Although my experience limited to a small number of patients, we believe that femoral neck fractures in children need aggressive operative treatment aiming at anatomical reposition of femoral neck rather than conservative treatment. There should not be any hesitation to perform open reduction to achieve a stable anatomical reduction. These fractures still remain unsolved regarding avascular necrosis and it is of the utmost importance to inform at the outset.
Conclusions:
We conclude that the early operation using anatomical reduction and internal fixation of pediatric femoral neck fracture offers the best results. Outcome of patients is influenced primarily by development of AVN which occurs as an independent entity without much relation to the mode of treatment carried out.
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